Effects of various concentrations of specific immune serum on phagocytosis and phagocytosis associated chemiluminescent (CL) responses were investigated with sheep red blood cells (SRBC) and rainbow trout (Oncorhynchus mykiss) phagocytic cells. When heat-inactivated rainbow trout anti-SRBC serum was used to opsonize SRBC, rates of phagocytic ingestion of SRBC by phago cytes increased with lower dilutions of the antiserum, and CL activities also rose with lower dilu tions of the antiserum.
, Sakai (1984) and Scott et al. (1985) reported that phagocytic activities of fish leucocytes were enhanced by opsonization with specific antibody as well as by fish complement.
However, the relationship between the activities of fish phagocytic cells and the concentrations of specific immune serum used for opsonization is not yet clear.
In the present paper, the efficacy of specific immune serum on the opsonic activity of rainbow trout phagocytic cells to sheep red blood cells (SRBC) was evaluated by phagocytic ingestion and chemiluminescent response, using SRBC opsonized with various concentrations of rainbow trout anti-SRBC serum. 
Results
Morphology and Phagocytic Activity of Phagocytic Cells Phagocytosis assay was performed using phago cytic cells which had the ability to adhere to slide glass. The morphology of dominant phagocytic cells showed a well spreading characteristic on the surface of culture chamber (Fig. 1) . Opsonic effects of specific immune serum as an opsonin were compared between immune serum diluted 1:40, 1:80 and 1:160 and normal serum diluted 1:40 by the determination of phagocytic inges tion rates (Table 1 and Fig. 2 ). The occurrence of phagocytic cells containing ingested SRBC decreased as the immune serum was diluted. The rates were 64% for 1:40, 49.5% for 1:80, and 40% for 1:160 dilution, although normal serum diluted 1:40 used as a control was a lower rate of 29%. The occurrence of cells containing five or more SRBC was more frequently observed by opsonization with 1:40 than 1:80 and 1:160. dilutions of the antiserum.
CL Assay of Phagocytic Cells
Effect of diluted specific immune serum on the CL response of phagocytic cells were compared with normal serum (Fig. 3) . CL response in creased in order of 1:40, 1:80, 1:160 dilution of the antiserum used to opsonize SRBC. The CL response in the antiserum diluted 1:160 was lowest and was scarcely different from the CL response in normal serum diluted 1:40 used as a control for opsonization.
Discussion
Several researchers reported that fish phago cytic cells played important roles in the initial host defense mechanisms against microbial path ogens (Finn and Nielson, 1971; Ellis et al., 1976; Rijkers, 1982) . Griffin (1983) and Sakai (1984) shown that phagocytic activities of fish phagocytes were enhanced by opsonization with antibody and complement and similar findings been reported with mammalian cells (Allen and Loose, 1976; Easmon et al., 1980) . In order to clarify the defense mechanisms of fish, it is necessary to analyse opsonizing effects of specific immune serum on the activities of fish phagocytes.
Phagocytic cells generate chemiluminescence
(CL) in the process of ingestion against microorganisms and foreign particles. This phenomenon was first described by Allen et al. (1972) . The CL response has been applied to an assay for phagocytic cellular function (Stjernholm et al., 1973 ) and for specific and non-specific opsonic activity (Hemming et al., 1976; Stevens and Young, 1977) . Scott and Klesius (1981) , and Stave et al. (1984) reported that the CL assay can be used to measure the phagocytic activity of fish cells as well as in mammalian phagocytic cells. Gardner et al. (1982) and Scott et al. (1985) reported that the CL response was influenced by the concentration of immune serum used to opsonize bacteria. On the other hand, Griffin (1983) reported that specific antibody exerted a significant oposnic effect on the rate of phagocytic ingestion of bacteria and did not affect the rate of intracellular killing.
However, little is known about the opsonic effect of various concentrations of specific immune serum on the correlation between phagocytic ingestion and CL response by fish phagocytes. From this study concerning fish phagocytic cells, it was apparent that the enhancement of opsoni zation and CL response to SRBC treated with the specific immune serum is dependent on the con centrations of the antiserum. These results pro bably show Fc receptor sites are present on the surface of trout phagocytic cells as suggested by Sakai (1984) . Therefore, the enhancement of phagocytic activities and the CL response is con sidered to be concerned with Fc region of im munoglobulin molecules in specific immune serum used for the opsonization.
Further studies will be needed to clarify the correlation between the enhancement of intracel lular killing and the magnitude of the CL re sponse by using fish pathogenic bacteria treated with specific immune serum.
